In obese humans, mesenchymal stem cells differentiate to become ectopic 18 fat cells in muscles. These ectopic fat cells inhibit the contraction of 19 vascular smooth muscles. Stem cells have been recently identified in the 20 human oviduct, a structure important in reproduction. We therefore 21 investigated the number of Oil Red O (ORO)-positive cells in the oviducts 22 of control Japanese Black cows (n = 6; body condition score [BCS], 3.0 on a 23 5-point scale) compared to those with diet-induced obesity (n = 5; BCS, 4.0). 24 We stained the ampulla and isthmus collected on the second day after 25 ovulation with ORO and then counted the positive cells in each layer in 10 26 cross-sections of the ampulla or isthmus. The obese group (23.4 ± 3.4 in the 27 10 sections) had larger numbers of ORO-positive cells in the longitudinal 28 muscularis of the isthmus (P < 0.05) than did the control group (15.0 ± 2.4). 29 ORO-positive cells were also observed in all other layers of the isthmus and 30 ampulla; however, the number of cells in these layers did not differ 31 significantly between obese cows and controls . Whether this observed 32 increase in ORO-positive cells in the oviducts of obese cows affects their 33 reproduction warrants further study.
INTRODUCTION
In obese animals, the major site of fat accumulation is subcutaneous 39 adipose tissue, but triglyceride deposition has been found in ectopic sites 40 such as the viscera and cardiac and skeletal muscles in mice, rats, and 41 humans (Gastaldelli and Basta 2010; Carobbio et al. 2011) . The presence of 42 ectopic fat cells is an important risk factor for various diseases. A recent 43 study on obese humans has revealed that ectopic fat cells can devel op from 44 mesenchymal stem cells even in smooth muscles (e.g., aorta) (Xue et al. 45 2010). Ectopic fat cells in blood vessels have been observed to inhibit the 46 contraction of vascular smooth muscles in mice, rats, and humans (Szasz 47 and Webb 2012). The presence of mesenchymal stem cells in the human 48 oviduct has been recently reported (Indumathi et al. 2013 ). However, 49 whether ectopic fat cells are present in oviducts has not been fully 50 investigated.
51
The oviduct is an active structure that maintains and modulates sperm 52 capacitation, fertilization, and early embryonic development during 53 transport to the uterus (Ellington 1991; Rodriguez-Martinez 2007; Leese et 54 al. 2008; Lloyd et al. 2009; Besenfelder et al. 2012) . This structure has 5 55 layers, as follows, from innermost to outermost: (1) mucosal epithelium, (2) 56 lamina propria, (3) circular muscularis, (4) longitudinal muscularis, and (5) 57 serosa (Pauerstein et al. 1974; Ellington 1991) . After fertilization, 58 embryonic development up to the 8-and 16-cell stages takes place within 59 the ampulla; the embryo then passes quickly through the isthmus and enters 60 the uterus (el-Banna and Hafez 1970) . For rapid passage of the developing 61 embryo, the isthmus has thick layers of muscle (Pauerstein et al. 1974; 62 Ellington 1991). Thus, any abnormality in the oviduct has the potential to 63 affect embryogenesis.
64
The conception rate after artificial insemination is declining in 65 Japanese Black cows, a breed famous for genetic improvements that 66 produce marbled beef (unpublished data of Livestock Improvement 67 Association of Japan). In our previous field study, we estimated the 68 relationship between embryo quality and a 5-point body condition score 69 (BCS) (Kadokawa et al. 2008) in Holstein heifers; the study revealed that 70 obese donors produced fewer excellent-grade, transferable embryos than did 71 control donors after superovulation. In addition, this study showed that the (Fig. 1C, 1D, 1F) , of obese cows. In contrast, the control cows had 163 fewer ORO-positive cells in both the ampulla (Fig. 1B ) and the isthmus (Fig.   164 1E). The largest ORO-positive cells had diameters of more than 100 m.
165
The ORO-positive cells were observed both as aggregations ( Fig. 1A, 1D , 166 1F) and as separate cells (Fig. 1C) . were observed in the mucosal epithelium ( Fig. 2A) , lamina propria (Fig. 2B) , 171 circular muscularis (Fig. 2C) , and longitudinal muscularis layers (Fig. 2D) 172 of the ampulla. There was no significant difference in the number of were observed in the mucosal epithelium (Fig. 3A) , lamina propria (Fig. 3B) , 179 circular muscularis (Fig. 3C) , and longitudinal muscularis layers (Fig. 3D) 180 of the isthmus. There was no significant difference in the number of 181 ORO-positive cells in the mucosal epithelium, lamina propria, and circular 182 muscularis. In both control and obese cows, the longitudinal muscularis had 183 more ORO-positive cells than did the other 3 layers. In addition, the obese 184 cows had more ORO-positive cells in the longitudinal muscul aris of the 185 isthmus than the control cows (P < 0.05; Fig. 3d ). 
246
This study demonstrates that the obese cows had larger numbers of 247 ORO-positive cells in the longitudinal muscularis of the oviduct isthmus 248 than did control cows. Further study is therefore necessary to determine the 249 effects of these ectopic fat cells on reproduction in obese cows. The asterisk indicates significant differences (P < 0.05) between control and 367 obese females.
